The use of psychotropic drugs (antipsychotics, benzodiazepines and benzodiazepine-related drugs, and antidepressants) is common, with a prevalence estimates range of 19-29% among community dwelling older adults. These drugs are often prescribed for off-label use, including neuropsychiatric symptoms. The older adult population also has high rates of pneumonia and some of these cases may be associated with adverse drug events. In this narrative review, we summarize the findings from current observational studies on the association between psychotropic drug use and pneumonia in older adults. In addition to studies assessing the use of psychotropics, we included antiepileptic drugs, as they are also central nervous system-acting drugs, whose use is becoming more common in the aging population. The use of antipsychotics, benzodiazepine, and benzodiazepine-related drugs are associated with increased risk of pneumonia in older adults (≥ 65 years of age), and these findings are not limited to this age group. Minimal and conflicting evidence has been reported on the association between antidepressant drug use and pneumonia, but differences between study populations make it difficult to compare findings. Studies regarding antiepileptic drug use and risk of pneumonia in older persons are lacking, although an increased risk of pneumonia in antiepileptic drug users compared with non-users in persons with Alzheimer's disease has been reported. Tools such as the American Geriatric Society Beers Criteria and the STOPP/START criteria for potentially inappropriate medications aids prescribers to avoid these drugs in order to reduce the risk of adverse drug events. However, risk of pneumonia is not mentioned in the current criteria and more research on this topic is needed, especially in vulnerable populations, such as persons with dementia.
Introduction
Pneumonia is a common and serious infection in older adults (persons aged 65 years or older), often leading to hospitalizations, and is a leading diagnosis of acute cause of death in this population [1] [2] [3] . In the United States (US), hospitalization from infection-related causes comprised 12-19% of all hospitalizations in adults over 65 years old, with the main cause of infections being infections of the lower respiratory tract (46%) from 1990 through 2002 [4] . From 2000 to 2010 in the US, the rate of hospitalization for pneumonia decreased by around 30% among those aged 65 years [5] , but European studies have reported contradicting results during a similar time period [6] [7] [8] . Multiple studies have found the incidence of pneumonia increases with increasing age, with persons 85 years or older having the highest incidence rate [2, 9, 10] . Another study from the US found that men aged 70 years or older had a 4.17 times higher rate of pneumonia compared with men younger than 50 years [11] .
Many factors related to aging, such as comorbidities, nutritional status, and swallowing dysfunction have been found to increase the incidence of pneumonia in the older population [12] . Additionally, Jackson et al. [9] reported an increase of incidence of pneumonia in older male populations and smokers. The risk of hospitalization for pneumonia is also higher in older adults with one study finding almost 80% of those aged 80 years and older in the emergency department with pneumonia were admitted, compared with only 20% of persons between 20 and 24 years of age [13] . Vulnerable populations of older adults, like those with Alzheimer's disease (AD), also have increased rates of hospitalization for infections, including pneumonia, after initiating oral antibiotics as an outpatient compared with persons without AD. Järvinen et al. [14] found that persons in Finland with several pre-existing somatic conditions, oral glucocorticoids use, and psychotropic use were strongly associated with hospitalization.
Several drugs are associated with an increased risk of pneumonia, including psychotropic drugs often used to treat neuropsychiatric symptoms of dementia, depression, pain, and insomnia in older adults [15] . Previous studies have found antipsychotics [16] , benzodiazepines (BZD), and benzodiazepine-related drugs (BZRD) (e.g., zopiclone, zolpidem) [17] to be risk factors for pneumonia particularly in persons with AD. These drugs have also been studied in the context of pneumonia among older persons more often than antidepressants and antiepileptics (AED). However, the World Health Organization estimated the overall prevalence of depressive disorders in older adults at between 10 and 20%, and the prevalence varies widely between countries and cultural situations [18] . Epilepsy is the third most common neurological disease after cognitive disorder and stroke in the older population [19] . Older adults have a higher risk of new onset epilepsy compared with the general population [20] , and antiepileptic drugs, such as valproate and lamotrigine, are also used in the treatment of bipolar disorder [21] . Thus, antidepressants and AEDs are commonly utilized among older adults. Some antidepressants and AEDs also have indications other than mental diseases or epilepsy, like neuropathic pain, a common ailment of the older adult population [22, 23] .
Psychotropic drugs are commonly prescribed for neuropsychiatric disorders, with prevalence of use in community dwelling older adults of 19-29% [24] [25] [26] [27] . The use is especially common in persons with cognitive disorders such as AD [28, 29] . The prevalence of cognitive disorders is increasing by age and approximately 11% of persons aged 65 years and above and 32% of those aged 85 years and above have AD [30] , which makes a strong case for the need for more studies to be performed on the harms and benefits of these drugs in this vulnerable population. Most people with cognitive disorders develop at least one neuropsychiatric symptom in the course of their disease [31] . Pharmacological treatment of neuropsychiatric symptoms with psychotropics is often an off-label use, with little evidence of efficacy and effectiveness and high risk of adverse effects [32] .
Adverse drug events are common in older adults and lead to over 15% of the hospital admissions in this population [33] , with the rate increasing to over 30% in persons older than 75 years [34, 35] . The potential for adverse drug effects and events is higher among older adults due to more frequent comorbidities and age-related pharmacokinetic and pharmacodynamic changes. Inappropriate prescribing is common for older people in nursing homes in Western countries [36] and a systematic review found inappropriate drug use was highly prevalent among persons with cognitive impairment [37] . Inappropriate prescribing has been defined as "the prescription of medications where risk outweighs benefit, failure to use a safer alternative drug, the misuse of a drug including incorrect dosage and duration of treatment, use of drugs with significant drug-drug interaction or drug-disease interactions and finally the omission of beneficial drugs" [38] .
Clinical tools, such as the American Geriatrics Society (AGS) Beers Criteria for potentially inappropriate medication use in older adults, are used to assist prescribers in preventing adverse drug events in older adults. This criteria, updated in 2019, comprises comprehensive lists of medications to be avoided in older adults, with one list independent of diagnosis and the other considering the diagnosis. The criteria also covers drugs to be used with caution, drug-drug interactions that should be avoided, and drugs with strong anticholinergic properties. Psychotropics, including older antipsychotics, and tricyclic antidepressants (TCAs), have strong anticholinergic effects that can promote confusion and even delirium, as well other anticholinergic effects like urinary retention or blurring of vision [39] . These drugs are recommended to be avoided in all potentially inappropriate medication criteria for older adults.
In Europe, the equivalent clinical tool for AGS Beers criteria is the STOPP/START criteria. The second version of STOPP/START published in 2015 includes 80 STOPP (Screening Tool of Older Persons' potentially inappropriate Prescriptions) criteria that represents inappropriate prescribing in older persons in day-to-day clinical practice, and 34 START (Screening Tool to Alert to Right Treatment) criteria for potential prescribing omissions. Many psychotropic drug groups (e.g., antipsychotics) and subgroups (e.g., TCAs) are listed under the STOPP criteria and are not recommended in older adults [40] .
The aim of this narrative review is to summarize the findings from observational studies on the association between psychotropic drug use and risk of pneumonia in older persons. Specifically, we summarized the evidence from observational studies on the association between psychotropic drugs and the risk of pneumonia. In addition to different psychotropic drug groups (antipsychotics, BZDs and BZRDs, and antidepressants), AEDs including phenytoin, carbamazepine, valproic acid, and pregabalin are also used to treat neuropsychiatric symptoms in the aging population and therefore they were included in this review.
Literature Search Methods
PubMed, Cochrane, and Scopus databases were searched for articles published up to August 31, 2019 using the following keywords: psychotropics, antipsychotics, antidepressants, benzodiazepines, antiepileptics, pneumonia, 'older adults' and elderly (Fig. 1) . The search was restricted to publications in English. Observational studies reporting the use of psychotropic drugs in adults aged 65 years or older that contained original quantitative data regarding relative incidence of pneumonia in persons prescribed a psychotropic or AED drug were included in this review. Case reports, case series without a control group, commentaries, and reviews, along with studies that reported on the incidence of respiratory disease in general rather than pneumonia, were excluded from the review.
Prevalence and Indication of Psychotropics
Prescription rates of psychotropic drugs increase with age in older adults, with the highest rates found in institutionalized persons [41] . A large cohort study from the US found that 40% of persons aged 65 years or older, with a diagnosis of cognitive disorder, used a psychotropic medication (antipsychotic, antidepressant, anxiolytics) or an antiepileptic [42] . In Finland, 53% of persons with AD used psychotropic drugs compared with 33% of persons without AD [28] . Moga et al. [43] observed that older females with AD are more likely to use psychotropic drugs than older males, both in the US and Finland.
Antipsychotics
Indications for antipsychotic drugs include schizophrenia and other psychoses, bipolar disorder and as add-on treatment to antidepressants in major depressive disorders [44] . These drugs fall into two main categories: typical, also known as first-generation antipsychotics (FGA), and atypical, or second-generation antipsychotics (SGA). In addition to previously mentioned indications, antipsychotics are used in the older adult population to treat neuropsychiatric symptoms of dementia [32] . In Europe, risperidone is indicated to treat agitation and aggression [45] , but not in the US [46] . However, in the late 1990s in the US, more than 70% of SGA prescriptions were written for off-label indications, including neuropsychiatric symptoms in persons with dementia [47] . In 2005, the Food and Drug Administration (FDA) warned of increased mortality in older adult patients with dementia, mostly due to cardiac or infectious causes (including pneumonia), who were treated with SGAs, and extended the warning to FGAs in 2008 [48] . Similar warnings were announced in Europe in 2008 and in Japan in 2009 [49, 50] . Antipsychotic medications are widely used in the hospital setting for non-psychiatric purposes such as management of delirium or probable delirium [51] . Recent studies found antipsychotic use in 6-9% of non-psychiatric hospitalizations, and 9-12% of those age 65 years and older [52, 53] . The prevalence of antipsychotic use is estimated to be around 4.5% of people aged over 65 years, according the Organization for Economic Co-operation and Development in 2015 [54] . Prevalence varies in older adults with dementia between countries, from 10.2% in France to 20% in Finland [28, 42, [55] [56] [57] . Prescription rates in the US for FGAs and SGAs declined after the FDA warnings [42] , and similarly decreased in persons with dementia in the UK following the safety warnings in 2009 [58] . However, an increase in antipsychotic use for neuropsychiatric symptoms from 2005 to 2011 among newly diagnosed persons with AD was observed in Finland [28] , and a similar increase was also observed in Italy in persons with dementia [58] . The AGS Beers criteria strongly recommends avoidance of antipsychotics use in older persons except in schizophrenia or bipolar disorder, or for short-term use as an antiemetic during chemotherapy. The Beers criteria also strongly recommends avoiding concomitant use of three or more central nervous system drugs [39] . The STOPP/START criteria also considers prescriptions of antipsychotic drugs to be inappropriate for persons aged 65 years and older for treatment of neuropsychiatric symptoms of dementia. Both criteria agree that non-pharmacological treatments are the first line and antipsychotics should be avoided unless neuropsychiatric symptoms are severe [39, 40].
Benzodiazepines and Benzodiazepine-Related Drugs
BZDs and BZRDs are commonly prescribed for insomnia and anxiety to older adults [59, 60] and are one of the most commonly prescribed psychotropic medications in several countries [59, 61] . Typically, short-and medium-acting BZDs and BZRDs are prescribed for insomnia, while longeracting BZDs are used to treat anxiety [62] . The prevalence of insomnia increases with age [63] . BZDs and BZRDs have been found to increase risk of cognitive impairment [64] , delirium [65] , falls [66] , fractures [67, 68] , and motor vehicle crashes [69] in older adults. BZRDs have similar adverse events to BZDs in older adults [70] . There is concern for adverse events in older adults, as the half-lives of BZDs are extended in this population due to age-related changes in pharmacokinetics, including alterations in drug distribution and elimination [71] . Despite the known adverse effects and events of BZDs and BZRDs, they are still commonly prescribed in the older adult population, often for long periods of time [72] .
Prevalence of BZD and BZRD use in older adults is high among community dwelling older adults with a range of 4.6-25% [73] [74] [75] [76] , and with a range of 21-55% in nursing home residents [77] [78] [79] [80] [81] . However, a decline in prevalent use of BZD drugs in older adults was observed in the US (from 9.2 to 7.3%), Ontario, Canada (from 18.2 to 13.4%) and Australia (from 20.2 to 16.8%) from 2010 to 2016 [76] .
The AGS Beers criteria and STOPP/START advise prescribers to avoid BZD use in older adults due to the increased sensitivity and the extended half-life of these drugs, and long-acting agents should also be avoided due to increased risk of adverse events [39, 40] . The use of these types of guidelines may be contributing to the abovementioned decrease in BZD use [76] . The STOPP/START criteria also warn of long-term use of BZDs and BZRDs and their risk of causing withdrawal syndrome if taken for longer than 2 weeks [40] . Despite these guidelines and the adverse effects of BZD in the older adult population, incident and prevalent BZD use in older adults remain higher than in younger age groups [60, 82] .
Antidepressants
The main indication for antidepressant use is treatment of depression [83] , but selective serotonin re-uptake inhibitors (SSRIs) and selective norepinephrine re-uptake inhibitors (SNRIs) are also indicated for anxiety [84, 85] and compulsive disorders [86] . In addition, TCAs, venlafaxine, and duloxetine are used to treat neuropathic pain [83, 87] . Antidepressants are the first line of pharmacological treatment for moderate to severe depression [88] , but pharmacotherapy of depression in the older adult population can be challenging due to co-morbidities and concomitant medications. SSRIs are the first-line drug for depression and are better tolerated in older adults compared with TCAs [89, 90] . However, citalopram has been found to have potential risk of QT prolongation in older adults and the FDA issued warning recommendations in 2011 [91] , followed by a recommended maximum dosage of citalopram of 20 mg per day for people older than 60 years of age [92] . Symptoms of depression and anxiety are some of the most common neuropsychiatric disorders in dementia.
TCAs have strong anticholinergic effects (e.g., urinary retention, dry mouth, blurred vision, constipation) and a risk of QT prolongation and cardiac arrhythmia [93] . SSRIs have also shown to have increased risk of bleeding [94] . Each group of antidepressants have their own adverse effects with varying levels of cognitive, sedation, cardiovascular (e.g., postural hypotension), and drug interactions [90, 95] . A recent systematic review and meta-analysis by Riediger et al. [96] found sedation and anticholinergic effects, like dry mouth and sedation, to be some of the most common adverse effects of some antidepressants, like amitriptyline. The adverse effects may potentially create a risk for pneumonia in older adults [97] .
Antidepressant drug use is more prevalent in older adults than in the general population, with the highest rates seen in institutionalized older people [98, 99] . Antidepressant use is more common in persons with AD compared with those without dementia [100] . The incidence of antidepressant use in older adult populations varies by country with a range of 4.7-18.6% [101] .
The AGS Beers Criteria strongly recommend that TCAs should be avoided in older persons due to their strong anticholinergic properties causing adverse effects [39] . The STOPP/START criteria version 2 suggests antidepressants should be considered for moderate to severe depressive symptoms in older persons, but TCAs are inappropriate for persons with certain comorbidities (e.g., dementia, glaucoma, constipation, and cardiac conductive abnormalities) [40] .
Prevalence and Indications of Antiepileptics
Some AEDs have been approved for indications other than epilepsy, such as neuropathic pain [22, 102] , and are also used for off-label treatment of neuropsychiatric symptoms of dementia [103, 104] . However, a recent Cochrane Database System Review found valproate use to be ineffective for management of agitation in dementia and may lead to an increased risk of adverse effects [105] . Most AEDs, and especially older ones, have been found to have sedative effects [106, 107] among older persons, increasing the risk of aspiration [108] , which in turn may lead to increased risk of pneumonia. The prevalence of AED use has been increasing in Europe, North America, and Australia [109] [110] [111] [112] [113] [114] , most likely due to indications other than epilepsy [112, 114] . Studies from Europe have reported AED use to be 3.2-5% in the older population (> 60 years of age) [22, 115] , while higher rates of AED use (ranging from 7.7 to 14.3%) have been found among nursing home residents in the US [116] [117] [118] [119] . AED use in older persons has increased in the recent past due to the indication for treatment of neuropathic pain and neuropsychiatric symptoms of dementia with AEDs [17, 22] .
The AGS Beers criteria recommends AEDs be avoided in older adults, except for seizure and mood disorders. Concomitant use of three or more central nervous system agents, including AEDs, should be avoided to decrease the risk of falls [39] . There are no recommendations in regard to AEDs in the STOPP/START criteria [40] .
Psychotropic Use and Risk of Pneumonia
We identified only one study that looked at psychotropic drug use in general and the risk of fatal versus non-fatal pneumonia. This recent study by Ishii et al. [120] found that Japan had a similar rate of psychotropic drug use in fatal cases of pneumonia to that of the survivors, 33.5% and 35%, respectively. Varying amounts of research has been done on the specific groups of psychotropic drugs and the association with pneumonia, with most of the research focused on antipsychotics.
Antipsychotics
A recent systematic review by Dzahini et al. [121] included 19 observational studies and investigated the association of antipsychotic exposure to the incidence of pneumonia. They found the risk of pneumonia increased with both FGAs and SGAs. Studies in that review were not limited to the older adult population, but only two studies assessed only persons < 65 years of age. Three additional observational studies have been published after the review search dates, with mixed findings (Table 1) . Herzig et al. [122] found a significant association between antipsychotic exposure and aspiration pneumonia compared with unexposed persons in non-psychiatric hospitalized patients in a large cohort study from the US. The study population was not limited to those aged 65 years and higher, but the subgroup analysis (< 65, 65-74, and ≥ 75 years) found higher risk of pneumonia with increased age [122] . However, Kim et al. [123] found older persons (mean age 70 years) who had undergone cardiac surgery and administered FGAs versus SGAs after surgery had similar rates of pneumonia and a secondary analysis did not find meaningful variation by age category (< 65, 65-74, and ≥ 75 years). The study population of Tolppanen et al. [16] included persons with and without AD, the most common form of cognitive disorder, with an average age of the cohorts near 80 years. This study reported an increased risk of hospitalization for pneumonia for new antipsychotic use in persons with and without AD compared with non-users, with higher risk of pneumonia seen in persons without AD [16] .
Hwang et al. [124] found SGA use versus non-use was associated with an increased risk of hospitalization for pneumonia within the first 90 days of SGA initiation in persons 65 years or older. Pneumonia was used as a secondary outcome in this study and may have been overlooked during the systematic review search. Similarly, Hennessy et al. [125] also found an increased risk of hospitalization for pneumonia with antipsychotic use compared with non-users in persons 65 years or older, but antidepressants were the primary drug exposure in the study.
Benzodiazepine and Benzodiazepine-Related Drugs
A recent systematic review and meta-analysis by Sun et al. [126] included eight studies with an older adult study population and found the odds for developing pneumonia in those 65 years or older were 1. to have been current users of BZD drugs than those without a pneumonia diagnosis [125, 127, 128] (Table 2) . Several study populations were limited to persons with common chronic conditions of older persons, such as those with chronic obstructive pulmonary disorder (COPD), chronic kidney disease (CKD) and AD. The study population in Wang et al. [128] was persons with CKD and the mean age was 80 years. There was an increased risk of pneumonia with current BZD use, but not with current BZRD use compared with non-users [128] . Hennessy et al. [125] found and increased risk of pneumonia in persons 65 years or older who were BZD users compared with non-users. The Chung et al. [127] study population had a mean age > 65 years and was limited to persons with COPD. Both current BZD and BZRD users have an increased risk of pneumonia compared with non-users [127] . The Vozoris et al. [129] study population also included persons > 65 years with COPD and was suggestive of an increased risk of hospitalization for pneumonia or COPD in BZD users compared with non-users, but the confidence intervals were wide and included 1. Among community dwelling adults with AD (mean age 80 years) Taipale et al. [17] found an increased risk of hospitalization or death due to pneumonia with BZD use, but there was no difference in risk for BZRD users compared with non-users. The greatest risk was within 30 days after the initiation of BZDs [17] . Huybrechts et al. [130] found when comparing new users of BZDs (within 180 days before pneumonia diagnosis) with new users of an SGA, BZD users had a decreased risk of pneumonia in person aged 65 years or older, but it was not statistically significant.
Antidepressants
Three studies have reported inconsistent findings on the association between antidepressant use and pneumonia (Table 3 ). Vozoris et al. [131] found that new users of SSRIs or SNRIs in a population of persons aged 65 years or more with COPD had higher rates of hospitalization for COPD or pneumonia than non-users. Hennessy et al. [125] reported an increased risk of hospitalization for pneumonia in persons aged 65 years or more with minimal adjustment of covariates (OR 1.61, 95% CI 1.46-1.78) with any antidepressant use compared with non-users, but when further adjusted for comorbidities the association was nullified. Huybrechts et al. [130] studied persons admitted to a nursing home who were aged 65 years or more, and found persons who initiated antidepressants had an increased risk for pneumonia compared with initiators of SGAs, but the findings were not statistically significant [130] . 
Antiepileptics
Studies regarding AED use and risk of pneumonia in older persons are lacking, and only one study was identified ( Table 4 ). The study by Taipale et al. [23] used a population of community dwellers with AD, with a mean age of 80 years, and reported that AED use was associated with a twofold increase in risk of hospitalization or death due to pneumonia compared with non-use. The risk was highest during the first 30 days of AED use, but continued to be elevated after 2 years. Certain AEDs were found to be associated with an increased risk of pneumonia, including valproic acid, phenytoin, carbamazepine, and pregabalin [23] .
Possible Mechanisms for the Association of Psychotropic and Antiepileptic Drugs and Pneumonia
Psychotropic and antiepileptic drugs have sedative effects and might cause discoordination in swallowing [132] and thus increase the risk of aspiration pneumonia.
Antipsychotics
There are multifactorial pathways in which antipsychotics can lead to pneumonia. Antipsychotics affect dopamine D 2 , cholinergic, and histamine-1 receptors, which can lead to extrapyramidal adverse effects, dysphagia, and sedation [133] [134] [135] . Extrapyramidal symptoms (EPS) are more common with FGAs than SGAs and these symptoms may impair swallowing. The most important EPS linked to pneumonia risk is tardive dyskinesia, which is characterized by involuntary buccolingual movements [136] . Further, according to a previous systematic review, both FGAs and SGAs are associated with oropharyngeal dysphagia [137] . Antipsychotics cause sedative effects by blocking histamine-1 receptors [138] . Together with agerelated changes in pulmonary secretion, these sedative effects may make it difficult to manage secretions and so increase the risk of pneumonia [132] . Further, anticholinergic effects cause xerostomia and so impair oropharyngeal bolus transport [132, 135] . Antipsychotic drugs have also been suggested to have direct or indirect effects on the immune system, which can lead to increased risk of infections, including pneumonia [139] .
Benzodiazepines and Benzodiazepine-Related Drugs
Older persons are at an increased risk of BZD-induced sedation, potentially leading to an increased risk of aspiration pneumonia [140] . The sedative effects may be more pronounced in older adults because of age-related pharmacodynamic changes [141] . The use of BZDs has also been associated with gastroesophageal reflux disease (GERD) in older persons and this may be related to relaxation of the esophageal sphincter, potentially causing aspiration [132] . Some animal studies have suggested that BZDs increase the susceptibility to infection by activation of certain GABA receptors on immune cells, but more research is needed on humans [142] .
Antidepressants
Each class of antidepressants has its own adverse effects. Anticholinergic properties, strongest in TCAs, cause effects such as dry mouth [143] , potentially creating a risk for pneumonia in older adults [97] . Similar to other psychotropic drugs, some antidepressants have sedative effects [95] . The antihistaminergic effects of TCAs and a few other antidepressants like mirtazapine, mianserin, or trazodone cause sedation, while moclobemide causes sedation by the inhibition of the monoamine oxidase enzyme [144] . Moreover, it has been estimated that 10-20% of SSRI and SNRI users experience adverse effects of fatigue and sleepiness [145] [146] [147] [148] [149] . Nausea and vomiting are common adverse effects of SSRI and SNRI drugs, a potential risk factor for aspiration pneumonia [150] . SSRI and SNRI drugs may also have immunosuppressant effects, increasing the risk of infections [151] [152] [153] [154] .
Antiepileptics
Adverse effects of AED drugs on the immune system have been reported. Several different mechanisms affecting cytokines as well as humoral and cellular immunity effect hypersensitivity or immune suppression with AED use [155] . Another adverse effect of several AED drugs is sedation [108] . The sedative AEDs, including phenytoin, carbamazepine, and valproic acid, were associated with an increased risk of pneumonia in the Finnish study, perhaps by increasing the risk of aspiration [17, 106, 107] .
Therapeutic and Clinical Implications
Older adults have been underrepresented in randomized controlled trials due to comorbidities and other exclusion criteria [156] . Therefore, observational studies are often used to create clinical care guidelines and assist in directing clinical practice. These care guidelines should also be revised when the evidence base develops. Due to the [126] high rate of comorbidities, polypharmacy, communication issues, and non-compliance in the older adult population, prescribers are faced with a difficult task of balancing the benefits and the adverse effects of medications. Even though the AGS Beers criteria and the STOPP/ START criteria do not directly recommend psychotropic drugs be avoided due to the risk of pneumonia, they do list avoidance or for these drugs to be used with caution due to the well documented adverse effects (e.g., sedation) leading to adverse events (e.g., falls), but these same adverse effects could also increase the risk of pneumonia.
Assessment of medication on a regular basis as a part of clinical examination is necessary to reduce the risk of respiratory adverse events in the older population and may also aid in eliminating duplication of therapies and identify potential drug-drug interactions [157] . Although reducing polypharmacy may lower the risk of pneumonia, it is important to focus on specific drugs and drugs groups, their indications, and the risk-benefit profile. Thus, the aim of medication assessments should always be the benefit of the patient, not necessarily the number of drugs.
A multidisciplinary approach in the care of older persons has been shown to have positive outcomes in improving the quality of pharmacotherapy [158] . A multidisciplinary team including clinical pharmacists, clinicians, and other healthcare professionals can review medication lists and alert the prescriber to concerns regarding the use psychotropics and AEDs in the older aged person, and inform the user or caregivers of signs and symptoms, such as swallowing or respiratory issues, to be aware of.
Discussion
The association between psychotropic drugs and pneumonia in older adults varies between drug groups, and some individual drugs, with the majority of research focusing on antipsychotics and BZDs. Systematic reviews and metaanalyses found increased risk of pneumonia associated with antipsychotic [121] and BZD [126] use, but were not specifically focused on the older adult population. Recent studies focusing on the older and potentially more vulnerable population have supported the findings of these systematic reviews. Although cognitive disorders and use of psychotropic drugs are more common among old adults, only a few studies have assessed the association of antipsychotics, BZDs, and BZRDs and pneumonia in this specific group [16, 17] . Minimal studies and inconsistent evidence between antidepressants and their association with pneumonia in older adults was found. Also, an association between AEDs and pneumonia was seen in older adults [18] , but the evidence is limited to one study with conflicting results compared with a general population study [159] . Currently there are no studies on specific drug substances as the current research has focused on different drug groups.
This topic is therefore worthy of further investigation. The rate of psychotropic drug use in older adults is high, despite recommendations on avoiding potential inappropriate medications. Risk of hospitalization and death from pneumonia are high in those aged 65 years and over [160] , along with the healthcare costs [161] . Identifying risk factors, including pharmacotherapy, and implementing strategies for reducing exposure to modifiable conditions may decrease mortality and morbidity. Herzig et al. [122] suggested that there are more than 4000 excess cases of aspiration pneumonia attributable to hospital antipsychotic use each year in the US. The systematic review by Dzahini et al. [121] calculated the number needed to harm to be 86 in persons aged 65 years or older based on an incidence of community-acquired pneumonia (CAP) in a study from Spain [162] . Sun et al. [126] found a small increase in risk of pneumonia with BZD or BZRD use in their metaanalysis, but the impact on a population level of BZD-or BZRD-associated pneumonia may be substantial given the large number of users. To better treat and reduce adverse drug events, including pneumonia, in this growing older population, prescribers need to be informed of the risk of psychotropic drug use.
Off-label drug use of psychotropics are common in persons with dementia [16] , and the risks of use may outweigh the benefits. Neuropsychiatric symptoms mostly comprise agitation, mood disorders, disinhibited behavior, psychotic symptoms, impairment of the sleep and wake cycle, wandering, perseveration, and inappropriate collecting or shouting [90] . However, low-dose risperidone has been approved by the European Medicines Agency (EMA) only for persistent aggression in patients with moderate to severe AD [45] , but this indication is not accepted by the US FDA [46] . The FDA warning actually led to a decrease in antipsychotic use in persons with dementia in the US [42] , but another study found an increase in prescriptions for BZDs and BZRDs to older persons with dementia following the warnings by the FDA [163] . This suggested that instead of using antipsychotics, the prescribing moved to off-label use of BZDs to manage the neuropsychiatric symptoms.
Existing criteria like the AGS Beers criteria have been shown to reduce the number of potentially inappropriate medication prescriptions and should be utilized in medical providers' prescribing practices [164] . The AGS Beers criteria has been shown to be more successful at identifying potentially inappropriate medications in the US, Australia, and Taiwan compared with European studies [165] [166] [167] [168] . This can possibly be explained by the fact that several drugs included in the Beers Criteria are rarely prescribed or do not appear in the drug formularies in Europe [169, 170] . The STOPP/START criteria was developed in Europe [40] and several country-specific and region-specific derivations of the criteria have recently been developed, such as the EU (7)-PIM list [171] , Meds75 + used in Finland [172] , and the NORGEP used in Norway [173] . The AGS Beers criteria does not specifically comment on the association between psychotropics and pneumonia, but does list several groups of psychotropics on the strong anticholinergic properties table, and anticholinergic drugs are a known risk factor for pneumonia in older adults [39, 97] . The Beers, STOPP/START, or criteria derived from them also do not report pneumonia as a risk of psychotropic use, but the evidence on antipsychotics and BZDs and BZRDs should be taken into consideration with the next update of the criteria. Additionally, more research needs to be done on all the groups of psychotropic drugs and antiepileptic drugs, especially in populations that have high prevalence of use such as persons with cognitive disorders.
Psychotropic use is common in older adults, and these drugs are at least partly inappropriately used in this population with high risk of adverse drug events including pneumonia. A meta-analysis by Nosè et al. 2015 , reported similar risk of pneumonia with antipsychotic use in persons aged < 65 years (two studies) and persons aged 65 years or more (four studies) [134] . The incidence of hospitalization for CAP increases with age [174] and may be in addition to age-related changes in the respiratory system, partly associated with the high prevalence of antipsychotic use in older adults. BZD and BZRD use have been found to be associated with increased risk of pneumonia in older vulnerable populations [126] .
There is a lack of knowledge about the use of antidepressants and the association with pneumonia in older adults as there were only three studies concerning the topic. Further studies need to focus on subgroups of antidepressants because TCAs, SSRIs, SNRIs, and others like mirtazapine and mianserin might have different effects on risk of pneumonia. More research is also needed to clarify the association between AED use and pneumonia. Only one study conducted among persons with Alzheimer's disease was restricted to the older population [18] . The association between AED use and pneumonia observed in that study was not evident in a previous study focusing on an adult population of persons (mean age 44 years) with bipolar disorder [159] .
Taken together, these findings, as well as the Beers and STOPP/START criteria, underline the importance of weighing the risks and benefits of using these drugs. The on-and offlabel indications of these drugs are common, and especially so in aged populations. The prevalence of mental health disorders have increased by about 16% between 2005 and 2015 and are expected to continue to increase with the aging population in many countries [175] . It was estimated in 2010 that the prevalence of persons with neuropsychiatric disorders in the European Union population was 38.2% [176] . These conditions should be treated, as depression and depression-like symptoms, for example, can lead to impaired functioning in daily life and have greater effects on activities of daily living compared with other chronic medical conditions such as COPD, diabetes mellitus, and cardiovascular diseases [177]. However, older adults, both community dwelling and institutionalized, are often prescribed antidepressants with no documented indication [178] , potentially leading to inappropriate prescribing and increasing the risk of adverse events. In addition, non-pharmacologic treatments should be first line for neuropsychiatric symptoms and antipsychotics could be prescribed only for the most severe symptoms, if the symptoms cause serious risk of harm to the patient or others [32, 103, 179, 180] . Thus, overall, there should be a high threshold for prescribing these drugs.
Observational studies are prone to confounding and thus the association between these drugs and pneumonia may be partially explained by confounding. All studies referred to in the review adjusted for covariates when reporting results, but it is possible that residual confounding still exists. Most studies did not report the indication for medication use, which could lead to confounding by indication.
Conclusion
Antipsychotics, BZDs, and BZRDs are associated with higher risk of pneumonia. More studies are needed because there is gap in knowledge concerning risk of pneumonia among users of antidepressants and AEDs as well as risks in the most vulnerable older population, persons with cognitive disorders. Clinical tools such as the Beers and STOPP/ START criteria advocate against using these drugs for neuropsychiatric symptoms of dementia among older adults. Use of these guidelines may reduce adverse drug events such as pneumonia. Higher thresholds for prescribing psychotropics and AEDs are needed for older vulnerable persons with risk of pneumonia.
